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t h^artlost thaiks m& m 4#^ mmm 

griKHIaaiie 4# Br* H«F. Mgjgmmei. t&at Mm e^xMLmmm mM 
tiaiNHtel hMSf 9SM tids iP(a;i:» 

X M 'At0 %# Wt* 4i»^t CNj^tiat fiK** T#!** 

tm tifti fidmiiU.* migg^t&m msA t& Sl»d K,9* fmmA 
aiad SSbrl T«X«> Wbrnam t&v tb® «Qce9ll«iit aniproSuotluii dt 
this worli:. 

% tst* Mm 4]tt to aU. ot f^rlendi a«i 

o@iJ.«^pi«i «f 4«p«tx*ti»ael bat fox^ ludp mA 

* 

■rnmrnmtll^emtM tb® oc^lotiim dt IMo lioxii: wtudi Imto 
lHi«n Toxy dlftleolt. 
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Kjtm B^micm 

III msmm mmmmim 

(IMT&dmtim &bA 

IT FCKm^ioif OF mm mmmmtma mcmm 

cm simo^TESsmi, BTJsums ususb 
msAmo moQRjmim 

T sa&Of lar o? a Himo-ffiERiyL srsajai 

ISTOf 

C(»aHjsicw 

iPFBlDIZ 

m mm mimm mm wmcMmmmt wmwi 

mim msmzQ mcmjmisa 

M mfmmismim of loss ocraFicisiifs 



0HAPTEH - I 


IifBCCT?QgICH 

mmmaln Xm& of « j^&mr «3r®t«« im 

forluipi ■li» mmt bJc«aA for tfe® pmt%r sugwtmm 

ffiaglaooro. Qfeouro® tlits wasi not Tory impcnriaxit tn tl» 
boginnii^ ilMi Wmrm nor® mn^ p&mr goneirotljig mtutlmm 
for Bmik suoli a« iizbsii p&wmr i^yatea «t©. Bat mm 

with th» growth In Hit demand cKf ePLootrloity and at tlwi 
aaam time asaorante regarding the {moddniiltir to 

tha otumvfmrm under nom^ eondltlonat hare fortei tlw 
power eymteii msg^Mmm to deved.^^ grid aystem i.e*» inter* 
oanneetlon of dlffhrenrt generating htetime looated at 
different piaoee* For meh ayetoa» the economlo load 
•ohedolliig of the different generating planle in 
■yetes has heeone inoreirndn^ir toportiat#. 

% eeonoiiie li^ scheduling we mtan to fSnl Hw 
gmoratlM of the dtffernat ia.a«tet m that the total t&A 
ooot is nlnimopt msM at ^ warn time the totel deoatii raid 
the losoos at aaagr instant snot he met % tbm total genoratloi 
In the nrhefi syotM^ gammimm ore el^mi ^ tte load 
i.o* Iwofth of the taeammiHaaioa Mim im oo snail that tha 
traasmiiwion looswi are ni^ig llfllo* Jkt the otnie Mmo 
arnmsm l.«o» for Hio mhna power n 7 «tewe« Hiero tisoA to ho 
''jaeep^^^^3P* ttiepnsed* jpd^s^nl^e® ^ fhe operating ooot of theaiMjl, 

plioHm in atsMf oo«t of Wm mmt tmvtim hmw 

mt to ho a wmMMmmat ftokoti^ of fOLent generations* 


E 


Vmaaaiilj gtapk is g^wm h<Btmm ttm Stat ralm odT 
in amA pmw in M.W, axid kmwlng th® cmt 

of Hb® fmH, ®m ®m detoxiiino th® futl oo»t m a ftootion of 
gomratifm for oooh tborool pXsmt* 


Htisoo for th® opti®^ opera tlon th® problem benoowo 
to fiiia tlie giRorotioii of tiio reopootire thoxeial plant® !.«• 

oiioh that ^ objootiro funoHon (i*e« total 
ooot of ftmX) as defiiii^ %gr tdi« otuaticai t 

Ct » I Ct.1) 

l«i1 


lo oloiwiSt sidijsot to the Miistralzjt 


V 


% '• % 


Ci*«) 


sliaro % • totOl 

ms& m gmmta^m. of Ite WmmiL ploidi* 

fhlo mam the total dosani at axf^ inataot to oot % 
tiio totii^ Osoraratloii loi ^ traoiBisslcii %mmm for thi^o 
oohaiiss are naoHi^lflo* fhia to oolir tn»» for w^bm. p&mep 


fhm msoMmm faooltooi so gtrsaa ir 

oi#Jo«t ^ ^ ®qm3Stj ooootrant b# 

ftoifpartoi ^ o^ooolzig S^ pe ogo aaltipltor A # into m 
oiiooaitratooa ^lootiro fmMm m ammat MLoo 

F •• ®ll I 2 . ^ (I wSl 


fMM emk hm acOLTeS teat laliiianjiB lijr %m ^ aadetilue 

i*«# 1^ d«tHii*liilag •l^ psarfel®! &&x±'mtlrm of tto® ftmcrUoii •?* 
with r«ap«et to TarlatOlo (|»3Loiit g^oratlCKi) m& o^uatiijg it 
«pidl soz«* 



Heaco for tho no«t wtoiioalo oporatloa all plaaat* wart qporato 
at tho sajis incroiaasitel @oat. ^a wilt la 


gLwmsi iM aai tlw ooat of fUal* it &m hm 


ooixrartad iat# aotud ooat fuaatloau i 

E&mmat with tha dowolopsaat of iatogratoi pmmt 
Ci««« grid ajratww) aat alao with tha istaraoKtanotiom of 
aiffaraat fowwr atatioa looaM at far flawaa tm "Wm p&epsm 
of aooiMWif latorahasiio aoi roliaMlitf of i^irati«».« It !• 
mmmmay to ommMmt act oialjr tho iao^raaostal fliol ooat hat 
aiaa tha laoraMatal. WmmsSmwtm loaaoa for momest* 
hoaaiaaa no doizht oparatlng ooat i.o. tha goaeratim ooat 
of arf thwmal irlaat ha low,, hat atlll tha filoiit ms^ ha 
mmmmmSMA hatawia ef it haiag laaatai mxj far tmm tha 
laai aas^« Hm to tMa tiko t3emmsA»»lm Immm ha 
ooiwiaarahlf’ M|^ aaeii lniiiaa tha- plaiit ms^ ha mvetBUL aoaooiioalo: 
1 tmm foranla weprwwiiig Hm tutia trawalaaloik ; 

laaaaa «i f&mttm .of flaat $®i»arati<ai i^' flrat praaanlaf ^ 
0aorga^ iM Y9tS» 'ilAMi iMm iMmm tea haas aoaalHarahla 


lupzwinini in ths for tkm doteziealnatlOT of tlm 

ti'WiHlsaicni. low@os aa a funotlon of pXant generation, fba 

applloati^ of digital oonpoter to ®alotiQ.at« iooa^ nan 

2 

4ofaXopod Imr I^Ueetea^ery Stagg, Gllam and IffialMVMim «. flie 
foM of tlsa loaa fomole ia giron MLoo t 

V W V 

itm m y y w 1 t 4 - y B p+b Ci*5) 

f lifi i»»i ■ ® ®® 

aliaro * Fimt genermtloBa » C^l » * • # F||) 

and ®jaa» ®b 0 » “ Boaa coafUoianl. 

fherefcare tlia optiaaX load aoliedulinf for tliimaai 
plaata taUdiog o a l,oaaaa into eonsldoratlcn oil! 

tm wm t h m mttmSJj mm hrnlmm 


Determine the plant gaoeration ^1* 1 « 1|» ••.!>¥ enoh 
tisat oomt fmol4@m 

1 <SA\) 

$M m utetum ai^doat to l^e oonstraint ’Umt ^a daaaiid »d 
tr«QaiKiaeim& ImoMMa at inatant mmt %m met tB» 
toti4 goiMizmtiiMa at t^t inatemt 


i wO* 


I ^ 

ii*si 


laiara r^ Ua tiwaaaiJNPioai loaa vniw tm a fimotioii of 
plaal |^•llaratl#ll F|_« 

Mm i3.rea% alioiei fsv ttw no loaa mm§ tlia atovo 
MoaSfMMMf fimoiioii idli^ ONgaiUL^p 



ebmisig; m preptar a^tlpSUffP 

% 

m itewi Mffv 3 

ff 

M 2 %-%•%) Cl*®) 





i^smm 



cC * fQisll% §mmif «f ftan i 


mvmi^ tJNpmi thi ^ »me Ite @C' 


Ite !• t# |Mi^%r MMr to toe 

inloittott etore tlie f astor d@|i»ato liptei tot 

fHoto tmmttmrn 

(lIptolMP ii»^|im toMi^MHed) ^ toAm^ ipiteo4i.^' 
to to® mt rnwtrnm gSsm tor toe mmss^ 

lm& rnikmm^ At toe 

toMi eptlirlawtotoi etf toe ©etotoei %ir® to«p«rfl •tattoo* 

etto*t ^ toto*a« Imi toto e^aSiei« 

fto t* tgr toi ^ ef 4p*«eie pr^raHtog 

•tol i* t#eie« fm mem eni ’ob« kftoft 

toe toe® etoeialtoi ef to* Igtoe tocrwA liMtoi 

toeiu^itir ^ e^Mto ^ ^sems^irnm te*M» % %Mto« 


t 

hm mmXtm in'tlii tmsmUe^tm* 

Wmmwm mpm^ t02sulatiofci mo& 


£E n 


mmsm.jim. 

PQgBH S^AglQgg 
Bmtm) 

3^ tiit Initiai stage » tbere sere naetSljr therein lamts 
is preduee eX^trlolliSr Imt 4m tlie inerease In tlie 4mmmi 
of eXeotrioiti’ fmt Al purpmm together with Mgh oo»t of fuel 
a« well as its ISMtsdi reserre^ has toons ssd oo»sidsrcyt»l« 
sttsntloB upoB the used tor water pow«r dewelopMaA# Mm Wm 
mm% of themsl |l.ssl la wei^ 

ttss its ospitsl Si«% is %m ma^mcmM tm Vm h|>dro-<aieot7io 
I^lamt Whose o apt tel ooat is high hut operating east iS' low» 

It has heooM eeoiiaBl 0 al m well con7ez]ieiit to hare both 
thsraal as well as Iqrdro ^Isats in ^ saaa grid* She 
t3t.mam is xm. mm a bass Icns^ plajat esid tbs h^dro*^eertels flini 
is nm as a paak load plmt * This Is bsaausa the b|dro-plMl 
0 £ai be started tia« higher rellablll't^ Mi graates 

speed of reapoeate asd hmmm It oais taloe up fluotiuitirg loedbi* 

Is othM words tha l@Fdsl plaat la woxtsed as a peiic load i^sit 
to tehs o«ra of tha fluetuatlog load aiod thersal id. sot iteea 
speed of respossa and starting Is eloWf is rtm as ths hmm loa| 
plasi* Is sror ossa there Is ape siTMtage of haviiag both 
Ca) thaxwd. plMls with low oaplthl east usd high operating 
oisit {In} the .bfdi wHAsat hemisiE ht A oapltal ooat low 
operating MSt« Is the m$m iutorooimected m as to 



•ttfila of oitpplr viori£wui o«»miM 7 a« fbMo 

filidslw mm hm laot^^od at %im m^ltalAa altao dapoodlilg i 4 »oo 
mA iM operutioo of rmmpmtt'm 

fisi# oork ia ki^soi 1190 a sAwrt 
mwmaAM optiaiaatioa prol4@a foraiilLatoa oiarXioa Igr Otwodlor* 

Warn aa& ( 0 »Br) » flat wia ooat ^ opora- 

tXm tlio krdaiN^toxaal. pH^ta io the ooot of fu«I woS ia 
tiki tkoiMl laaata m ^ #oat for tfao kriOl la 

a^lfiktlo o«^aro4 to ooot of fael of tin piiiat* 

Boaoo tlao protion ia to ftad tin grnmr&tlon of ialirlduiOl 
piIroita« totk tkorsMA ao v@3Jl m oimk tint tin totd fmd 

Mvi la f^alMi aafl at tbo mii tiae total 4oa^'»& oei ILmmm 
9^. m OMKtIaaoiMAr not* ia it ia a aiort raag^ ppoHia timm 
■til, mt to 1 ^ ^prooia3»lo otmai^ la tin Icml of aatar ia Hn 
roMnroira «iA hmm® Inai of oator ia tio rooorfolr of tin 
hSfAm plOBita alll to aa^ooi to to ooaatiait iiariag t3m $M»vwA* 
E&mmat opaoifloi %vmM%s' of vstor mtt to ifliUaat aitlsyi 

vW allife.tiJliik. wM aank. difaiiiaak onalitean di«!SA!^l i-an Urni omml onn^w apnaa^iMO m jm^. atVi iimihii iifSi Jm itJHpiiian riiiiiiMiir^iiT'i'n'^w 

I^MI UftlwirWtfli tfft 4»« mIM pX9llil^4MI JlW 

9m WmULwm I 

HM th» ttoaol §mmrsXim& SS md tin li(piro goaoratioa Ibi 

wmJBm 9BP9 SMM3fiW^0m 9m wUB9§ 99m& IHSA# iW mwm% ZW^wm99mSk 9m 

iofiaol Ir 

9 W 

/ S • A ** {®*’3 

ia at,tilwiaif ao^loat to mm o^slitj ooaateoiat 

2 (M) (2^) 

J • 1 • ' UiA 



!•«« til* total. 1 * 1 ^ m& tisa total Iosifs at «ua@r 

iaitaat 1» a^aal. to ^ total goaaratloii of tlko |^ai8t«t 
f 

S ytCiuMt-Tt C2*5) 

^ )4br 4h 

# 

in lyiMi glTon intorral fy a|>toifio<l ^uMxtiti' of irator 7|^ 
i« ntiliMi at 2;qrd«l plant ly ani tlie Slffazast a/nboXa 
aro fttt 9hemm hrnlm i 

S| m fomit S 9 mT&ttm of tlio Jtb tboz^il plant 
ti^ «* fov@3r melioration of the itli plant 

T m Final tine defining tin abort rcaage pto\ilm 

m ec»it per lioiir of tbe jth tiianBel plant iM 

fteoHett of tlia i^at generation 3j 
- TariHa. au»^mf t» mMM «VW «t ^ tth hjrdA 
plant wbloli l3 tbe fumtion of li^ 

3 « (S| m Oenezmtlon of 1 ttexnal planta 

jb ** Cli>| «> » «i • » «! I^eemtion of X iigrd^ ilaniK 

l|i at l^«ioA at anr tine t 

• tranaaiaalon loaeea i^eli are funetlon of 
pi Oat generati<n»» 

2!ba above la the pro^rannliig prohl^ eilii ho*^ 

tINi o^Jaattm fnnetioft C2«i) aa veil m the oo»otralnt equatlona 

C2*t» 2«5) hetng noiliiaent^# Mm ftlaonaaeS earlier IMa ms^tSmmr 

oh|eotive fUnotios with n^lnear equalitgr wniotrM^nta oan 

he ^narertei to the waem^traln^ i^Jeotive ftmotim with the 

pm^mr uteioe of Sagrejoge nhltipllera ^ nod V* * Wmm 

proMatHii «• earlier^ Wp- folloatng o^orilniillciii e«natiimi' are 
« 

ehtalned"'* 


( 2 . 4 ) 



( 2 . 5 ) 


for 3 *• ■J****fS and i a 


$1® liai^an^ Multiplier ^ ia constant during the 
interrsCL* The direct application of the above coordination 
equations give solution wMob »om» times dictates generations 
outside the plant eapacity and also jaegative generation of 
certain plants because restrictions imposed by such capacity 
limitations have not been included in the problem fc»walatio»u 
I^iiideiio^ also observed similar phenomena while working with 
these ooordinatien efua^ottS' m the digital ©em^uter* 


Therefore the problem is extended here by comid.erii^ 
the situation that eodsts in praotioe« fhis extension consists 
of the addition of sii^le bouoods on ths oporatii^ rs^o 'of osdh 
plant as indicated by the inequalities (2*6) and (2*7). 

% ^ ( 2 . 6 ) 

and (2.7) 

where and are the iiinimum end and are the 

aaximm limits of operation of the oorrespondiz^ plant, fhs 
preliminary step in the extension is the application of 
Pontrysgin’s Princii^e. %■ api4yiBg this Maximum Brine iple 
followed by -^e Kuhn Tucker conditions, the probl« obtainad 
is to msximlso the BamUtonian H at eaoh instant of time 
(Wile Bersra^). 



ISBBttWl urn B 


1 II 

■i »»► 2 "*■ ^ C2»8) 

J ..1 3 J 1«1 ^ ^ 

1%itt MOdnlsa'HcHisii &Z H at* aash ixialasli ot tisia la an auadLXlwsr 
proKLaai <if atsl»lo %pa« a^afmdliit 111 sajist ba ao ahoaaa 
tliat tim hewaAwsj amadltlaaa givaii bx aquatic 1» 

•atiaflaig l»a* apaoi£i«4i quaz^itj of water la uaeS at aa«^ 
b(3rdr<Nfil.aii(t iM i3m aq»a<ii^lea period* Sime Ki afteotlir«l|r 
eonwarta tiw water oo£»@u«|irtio» la auM.® ft/kt» to l^a <Niat» 
i% wmy %a taraad aa water walaa* fiaia IT^ aotually oorreapoaia 
to t!wi prlea of water aiid an imraase in tba walue of 
resulta in leaner water oaage at tlie 11^ IgNlii. fSjiiit and 
▼i««wfe,raa* 

.law •• tlue wAnijiijnitlwi &i la etedwilent 

to tite negatlTo of the wacinlaatlm of tlxe mmm fteetloaiy, and 
hencw the miKiiBlaatloii of the BeiiiXtoni.«Kt *1* at easii iiwttant 
of tia» la •qaiweiloat %& tho i8lalM.«atioa of .fnnotloit §f 
m ahown b^ow t 

Untalaa CU 1 

X 

1 M 

- - 2 OjCBj) - 2 

jm X 

• Z ♦ 2; Y'l^jr^CK) C2*f) 

|wil • * ijm% 

fho alsl«iii»itioB of 1^ fitBolieisi aa defined If 
tha aqnatlM C2»f) oorxwap^i^ to Mm ■iiiitdaatioii of 
total operating ooat of the theswl «o well m Mia bplel 



pXalxIs. is bssimsd both the terns In eost fimotion 

(2.9) r^rssent the operatiijg eost of the combined hydro- 
theirsal systen^ the finst term representlz^ Op^ratiog Ofcat 
Sf theTSsl plant and meanM. tsm representliig the 
«oat tsf the hydal plant. 



CJHAPTES -- m 


aai Pormlatlen) 


Jiyn&miw Bra^raasdLiig Seralopad in WO l}(r 
aiiS M» mm^rn'^mm Tbls wm 4@t©Xop«S to otan^jr til# 

optIjilJwliMi iprisiiif lA oeozKWl^t dofonoe #al 

in til# #o@i«X •«rvi#«# nbere iSm mm&B-m optS«is#ti<m toobnl^ii# 
#f Uamnr asii . n#«0Jti3##n pro^groneing ami oaXoialu# odt 'mrlatloii 
asiS it# g#n#x#XlJMittim #z# iM>t appGlioabl#*.. tesii o«it#^»]±## of 
probXow are r«ferr«<l to iniXti«4@oioloit pTmm»§ iter# «# am 
xr#|i2ir«4 t# tite ft seqnoBo® of iooislon at a^h 

Ml mi iMMKyiier ft a^m^m oldLcii am te iftiftrilM at 
iltetet# ItftMi Ir « finlt# noili^r X|| 

iildL#h mm roforrodl to a# #tat@ ToriobOloo* 


%a% ^ ndlttft of til®## waaelMm «t otag# i fti 

til# inatnt of tiM» i) to ionoto^ 'tor l|Ci)» 
teas# «# mm. ^mtlme a at at# Tootor * 1 * ancii ttet 


«M it# vain# at tte «tftg« i. viXl^ be gi#«i» t! 3 r 

xct) #• X|Ci>f \m 

S^pmm ftt eaeli fttog# i« we ham ^ telai a 4 «oiM.on iCi) ftm 
wnongftt master ftf pmollA.# lAioii maor ti# or 

ijaCiiiite* tte of tdting Seolftiioi SCi) ®t tte 

fttiipft i i# t# oteite ^ etfige ^ tlia a^tm XCi) t# XCi***!')* 
CM# mm 1 m #t«t#i ## 

xCi^i) • # |xCX)t ^Cl)» ij 


iitwvei 0 Im tt ftmotioMiI# The mb0T« «qued;ion IMleatiw t3i®t 
state of tlia sjat«Bi at tba stage i+t depends upon the state 
of the sjstsBi at the stage i t.e« XCl)^, deoislon taken at the 
stage 1 i.e. 4(1) > anS the stage 1 itself. 

Veil heesumi sf takijag a deelsion 4(1) at the stags If 
«e alee get seise xetum funetlen H(l) as shewn heliw t 

1(1) * 1 (1(1)^ 4(1), 1) 

and henee ths reinxm funetlen B depends upon 1(1), 4(1) 

We em also lapoNie sews eesnstzaliit at the stage 1 Stwlh 

m 

«ci)t 4X > = « 


If tbs total of stages are finite aaiy 1# then 

at eaeli stage se hare Ihs eenr^pendlng 4eeial®ns 4(1), i|2|# 
4(V) and the total return *1* sssox^ated with l%^sals4«m 
prseess will he 


I • 1(1(1), 

V 


m 



1 ( 1 ) 


1 ( 1 )) 


itwre 1(1), S(t) ete. are^ the xetum at the st^ 1,l,«ts# 

fhsrefsre mm porehlna Immmm to talw 4eeliidL<m 4(1), 
4(1), «• ete« at the stages such <^ 0 ! the tstel retwan 

flsaet&eei *1*, heeassMi of taktig tisese deiriLslens, Is sptiMa.# 



Bit aboTe it knom m Bltortit tint mXtiata^ 

protteai. Bi eoixtirast to tliit tliort tan bt a pi'ooaaaf 
vlsfirt «t mtn x^quirtS to talic% a ooBtlQim of StoltloBt* 2uoh 
pirootiaitt art rtferx^ to at ooBtliiizout ttw Stoialon pxootiw« 
flit pmm»m eaa t© oaIltd„ fiidt® or infliiit®. atagt 

aooor^iiig to i^tthor tlia xieal^r of stagea *Br* is flnito or 
infiodto* Sioilarljr iS tiM fumtlctt <+) itsflMjag rnufM a 
i^tom do Bot imroltt oliaiioB tioamto* tte (i^tas io rtfoxrod 
to m iottradMatio, o^btroitt it io knoim ns probabiliatio 
ajatem* If tha probtbili^' diatzlbutioii of all tlia raxidoia 
wmxi.Mm9 oaourir^ la tlia probdt>ilistlo distrlbatlfm petimm 
ara loionntig^ ^ lliratasi la )mmm m atoobastlo dtoision prooaaa. 
WmmmmP' prootaa la oatllaS atartloaaxf' If aaoli M tiia 

m 

fimotiim eto, are liidtp adeist of stag® *i* - 
Matliawitioi^ i wmtfci 

Aa wt art aolnR to tasa diaoiMiitia tijia* datoralsiatija« 
atatlt»oa/Tt. fiolta aaltiataga daolalcm prootMi la tiai foxmilatioa| 
of t&« gaisaratloii aabadalliis probiaaiy. Wm aatlMMlioal 
fonmlaticm &£ mmM aj^taa vlH bt dealt witk* Otr problam is 
to datax«liia tlta opt teal Talao of *1* aiad Ilia oorrtopcedliag 
optteii. of daolaloisiy cast doNxladlim at oaoli ataga* 

' Aoteillsr taobo^^oa of d^raaiElo progroMaljig ia baaad 
tq^oBi tte priziolpla of a^Mtelltir bgr Ballam idiiolsi atetoa tteit 
liuatooar bo tea ialtiiS. otata aod iMtlal dooiaiemat tlie 
roisoiiBtiH dooiolM anat o^aatitiato m optlMl aotwaiioii of 
dooiateMi oltb i!o^MPSa te tea oteto roaaltlx^ tstm Wm first 
daotadLem. 


it ia obflmis that Tal^ of *1* diapeuda upon H, 


l^a totsA mialNir of atagaa to he ooBsidexad aM tha initial 
at at® of tlie aye tea oay 0* In ▼!#» of thi® lot 

fjCC) m OptlBial Yalu© of 1 i^«n HnitaiEea r«wd.a 
ana th® initial attt@® ia 0. 


If til® firat a«eiaion aCO is t«k« arbitrarily, thm 
eorc^apoaiing to thla deoiedon dCD, we h&m 

1(2) » 0 C< 3 » a(i)) 


Beno® the mBxSmm return over the rewdnliig B*«l •ta^ea, the 
initifil stat® haitiiE 1(2), ia 

ilg^i f# f«* 

«eai tb® rettirm'^pgsnn tli® first stag®, aftMn ieaialoai dCD ia 
taken, 1® r -i 

1 #■, aCtl 

ftwrefor® 'sfbm tlM» first deeision, d{1), ia tarhltrasyt 
tlMi raaaiitlng deeiedona are optiimL with ri^parda to th® 
atat® rtaultliig ±nm d«®ia4on dCl)t the total r®t«m la 


& 


♦ 1 




c, aCi) 

fhua'ai^jai the #f' 

9WC0 ) » BBadl,«Hai iNinljnilhl® 

^ dCi) 


§ ^0, d{i: 

’dptlaia.1%,'' «i snot h«ra 


• E 


%(01l| 


1 




[o,4(i)j* ; 

[o. 4,(oj 


K-t 


[a 0 , a(t)j 


(5.1) 


m that %C8) 1® %ha ftMrl daalsiim to b® tate ifean 

the ayat«M atar^ id.^ atal» d $m$. M atag^ xmdnw 


1 * 


forllJM^r wo ®et fjeos tb® abowo oquaticm 


» B 


jo. a^o) 

iSadarly Igr 1 « 2, wo get 

« IteixiwuiB ^naiosiblo 
€(1 1 


B 


C, a{i) 


D. 2 ) 


1 


%C 0 ) 


4 F. 



r *1 

r r 

1 

o.aCi) 

flUkfCiJ 


, .T 

L ^ iJ 


Ib this WSJ wo oaB os^uto F|(0) ^emt oqim’lloxi C3«2) 
fear sir B^8it3.o initial st«t« 8 axsi siMtlsrXj oqtaatioai If 'i3l 
#aai liO wmi. to i^spito iftA *0 oa* Ooutliaiihi IIB® this 

wft Oioa wsg-' woitiO ^ I ani io^ 

I>©s®ll3a.« initiai state C* fhua fjiCO) glwos m ths Ba*la» 


Tali«a of X for tho proMi« itei ^ tMtiaO. stoto iw 8* 

1te« wo ohsorfo mt itoswtii^^ wo hafo to awXwo Iho 
ateiiillMtioik problw in one rarlable csiXj* Xhlo i« tho miiii 
w%mm of poi»wl«rltsr of the progfott^Uag. Thm wolii 

odTantsge Is, lostowa of mating n Sifffeoolties siiKatawieoiisOLj, 
try to met these fsoe «t s tlse* 



OHAPTSB If 


gCemATigg eg LOAD aCIISrtILIHg PEOBLi.:?! OF' 

m. m m ' 

usats lypiMic gHooaAiaiig 

%•% m that 'i&a li3t«xtiaitiieet«| huMi hotli | 

I 

th* thaisiaX aa well m tha hfSal plmE^m* £«t 3^ ba ttm ] 

genez^tloa of tlia |th ttuexmal plant aBfli lat iij| ha tha gaziarntion ' 
at tha 1th h^dal plant. JkeA let wi mmmm that met ajatesi 
aantaljaa 1 tharaal atatlcma ant M l^el atatloiui* ft illl. 1m 
■Hiiiiiiia ma*' imp vpaspai p i. ewwp wta xwel &a a paaa xoas jputanv 

li!lM^afwa we ahalll Murapt *^ait id? uttl* AapasitliiS apiti | 

f 

the dewaSt all the 1 themel plants sill, he put into aparmttm 
om hgr Mt aai aftarvaanta -yie Smamsi mmmin 
Xomr hmmi at dll the th^wdl planlat hgntdl plMil w ha pal 
tnta apar atlas* fhls la haaausa tha h^tal ploxhi mm nm as tha 
pa^ah liNai idLiMt ast thaarefara ih^anyippiljr tha dtsstiMtlsg laat* 

The h^ftal plseata am alaa he put Ista aperatliai ^le hf mm imtll 
all the 1 hardel plasta ai^t mxhmmt9&* Hawawer tha awwlmai temaif 
that eas ha hasilat «£H Im mm ai the upper hamia af all tl 
S therwifil iMi M Iftel ptmtstm 

fherafara ear prahli« la ta tetendLaa the aehaiilisg at 
4 PiaeratlMi <xf the hpdra^ttorail plasta i*e« ta iateralsa S| aal 
ll|^t aiteh that the tatdl aperati^ east la aptlael i*a* tha 

aJKikm' dadi&, jmmkml tgnaMtmt jmt^amak. jftiaih4i0MB liiihataikiJK ms inifaii^^i Jl. ’^iik, mMh Milliidim 

ZttBetEiil iM €9inilW9 iNiliMf iJtt | 


(4.1) 


ff M 

* jL®**! 

where 0^ is the operating eost of the hydro-thermal i^stem 

and iT ^yj^(hj^) is the cost otmraoteristics of tl^ 1th l^del 

plant. 

r 

However If we do not put any constraint in the mlnlialza- 
tlon of the ob^so'^i'*'® function as defined by the equation (4.1) 
we will get the tririal solution of aero cost with aero 
generation. Therefore the followir:® constraint laust ^so be 
satisfied. 

M ^ m ■ 

2 % 1* 2 K ^ % (3, fe) (4.2) 

Jwl e |^|, * 

Care should also be taken that the solution obtained 
should not dietate generation of az^ plant beyond the plant 
capacity or negatire generation. Hence the following 
constraints must also be satisfied. 

(4.3) 

and ^ ^ 5>1 < % (4.4) 

Hcweiwr tim above constraints are only effective if 
the corresponding plants are in operation. Because if any 
plant is not in operation l.e. if any plant is slmt down, its 
operating cost will be aero i.e. 

C^Co) m 0 and ^iTi(®) * ® 


(4.5) 



Xk to nee IS^fnaeie lui flesorlb^ 

earlier* «• hmm to Sofim m fn^otiosi iriHloti should oorrespcmd 
to tho Bliiiaiisatlcm of the om% foootloa 6^ C4#1) maH ohcmld 
iloo take into oomidor&tlcm the ooiavtraliiel Oi^u^tiGii (4*2)* 

Xa other Verde* pzehlee is to dotermiiio the op^Ml deoleloj 
froM wltldeelsieae i*e. the optleua gonoratloa S| azid 

h« out of aeiMdeel aloes Ci*o* mt of eewrdl gemratioee) eoeh 
that the total retimi fteotl€» Ci«e* the ooet fhmtiiai' 
defiiied Ig- the e^eatloa 4«1) heoffiiee of tiMjig Um doolaicHei 
aiad li|^« le optfem euhjeot to the ^iietrsiiite ieflMd hgr the 
•tiiatioae C4«2), C4*>) and C4«4)« It is oMoitfi that Ite 

iMjmmi) m&m of % deponhe v^m the total i3uid»ed| 
of eteisit t# he iddoh eorxwifoede to the total mihtj 

of plaete (1 1 pla&te in this case) and. the Initleil etate of 

the eyetea vMoh oorreepoelo to the ieitiiA As ft 

eatter of feat the laitiiail etaihe of the nipetes tidmui i&to fte'OMel 
the oosetralst o^uatione (4.2)* (4*5) aod C4«4)* the IMtiail | 
deeaei *h* will thus be equal to 4> Xtet this fonotieii he| 
^3|C®5 • 

Beufto m ltl.M,ans valoe of atem there aore 

1 stii^ i«e« there are t plaits in operation and the initial 
state is B «ddoh mrmmpm^ Vm desiaad at that iastaat*. 
fhese 1 ^Isnte aai^r he th^rsal or iKith theivad. mid hqfdOl laatib the 
the dosaeid h eatlsflea cHmatralfits aisHar to the equatl^ae ' 
C4J£)i C4#5) and (4.^4)^ 

the foUovisf ocmatralsts ahooM hleo he eattafled 
the daaerad h t 


&)!?« ani 3 «r« tlia lower aoaidi upp^r boimda of B reapeotitalj* 
fiMi lower of B i*o. ^ is the mvm of tim lower biMiiA of 

all the plantai vhloh are in operatlcm SiariBg tl»t imtomt ainl 
the upper lioiusii of B l,e» 3 ia tlie aiai ^ the upper boimda of 
ill the plmlm i^eAt are la operation* Bow if ma^r plaist ia shut 
Somi* Ite operatias eoat I# mw&» 

let ua awma ^at €iut of total of H plenta 

talaa oare #f the total laaiaai B on tlai flantOp lha plant 
aupipliwi *I loaeni’ » fhat ia tha gtaaratioa of tlie. tth plant 
ia Z heoauaa the l«a«iS at aagr l^aat iM aotmlljr afual to tha 
fenaratloa of that i^aat« Eamoa ^ teldiig tMa flrat leoiasloai 
1^* Ilf la ti dl i ij tlee iNioiatom ^hat the l^naitl at the Rth plant 
t« St ^ B»f ilaaa^ i^ll hape to the Tmmdxxli^ 

leaani B*S. 

let the o^t of S If Bth plaait ha %CS) 

if thia ilant ia themel othexolwe I'fCS) if tha plant 
la let this ooat he rtpreaental If altli the 

raatriotlott titiat 

B||CB} m 0|^CS) if the Bth plant ia theanail 

llj|{2} wpW if the 1th lOant ia hfiel, 

1!hea tha optimni ooat @i generating the renalfkliig lawtnl of 
If the raaaiaing loaiiiar of ^«ata E^1 will alao he lefini^ 
hf the i^nilar fimotieni aa laaorihei earlier* fSNnrefora wa 

hate 

tt Min i ai n i emt of ipBarating lUI ioMatS ahan 
there are E«l j^anta in op^ation* fhe 



d«Baa4 osf ClM>) mmt also li« nw of tibe lowtr 

boiaiiis aiiA tlsa am af tlie upper 1 h>uM« of thiaMi 1*1 i^soito 
whioii ttr« in operatifm at tlxle iuataot* fliaroforo w« hints 
thi ff^Iotslog Situation uaini; tbs prinolpls sf optinallty. 

« 1^ C%c«) ^ (4.?) 

nhsrs omitsp<»ii« to ths iBltii^ dsotvton that Ihs 

Ith i^aiit tak^ the i«nm4 of E 1« ierbitraz 7 ani 

oorrtapi^a to ths srsaalnlns l»t Ssolslo»a 
ars aXv^a opting rsgarda to ths atato rsauXtlng tmm 
ths flrat i*e« tho initial d©olil«m« Aotuallj hf tsMag Wm 
flxoit ii^ialsiK i^smA tlis 1th iSant taksa a 4smnd of S» tha 
Otata aC tito opitiii la rnhmgeM to Mi# 

1^ puttizsii; H K 1 In st^ation (4*7) we obtalii 
»|CB) KI l|a 

• C4*8) 

N mnliani ooat gmsratls^ denoaiA uhw ohl# 
the fixot plant is In oi^ratfon# 

AsoordlJig to our fomulati^ the flrot plant to be put Into 
operatiim ivlll bo %}m thsizmil i^snt wMoh has the ooot 
oharaotoriatiao of 8|Ci|) ^ hsnos m haws 

W^&} m ir|C») 

» 8|C®) 


(4*®) 



m MIiiIjkoi eoat of gosoratl^ tho 30 Isqf ttm tiJmt 

^wrmA 

fits dsMSB^ tf wmt mmtSkt^ ooositmlBt eqiiii'M.» C4»€). 
f * 0 • 

itibmm 2| msA 1l| 1« Vm loarsr asd upper bounds of tiii first 

tliexiBal iilaBt* SlJilljirly putting 1 m 2^ ites tliefro are j 

I 

two iM ppwrvAimt^ m frm tlie e^iuatioB C4«7) I 

I 

>2(0) . hb (a^(z> * >,(0^) (4.10) ; 

A» tbs 2M fCLsiit Is thmem^t mi hm trm ‘lit# 

tgilt} m ((^(S) 4 

j 

» mn C0g{2) ♦ 0|C3WI)) 1 

s 

l»x« I swlos botmiss Wm 

Jb< ®< % 

I 

i^r* ^ mid are tlw Xoser asS upper bouoda of Wm 1 

880<md tberml plmst emS 30 *^ wUX ▼0x7 botmMiii titm liasllMi I 

Hi (B-®) ^ 1| I 

Sisilaxl^r ve mm go m fliiSlug 9^CB)| 9^CB) *«*• till me 
obtaiB 3i^B) !«•• ultra sill tlm S Mtesral j^sstg «r« pixt tato ; 
opsotstira* 

I 

Bits to mxr bskpio assmisptlra uIhhei tlse first i^mt 

ia put Into op«aratira» all tits 9 tiwxral plants mat bo operating 
us drmr tlis oonoluaira tliat rnttm 1#1 lOlmits are Im operation 



Batiir^ly V pOLaxctB ar« tlieraal auS cme im laqrdiil* Sba 

jUmtrn will also ^ put into opoxstion in ths m$m@ 
ssfusnos* one 1^' omit untU aiU the M ihmel plants m& 

M liqpisi plaBts are put into operation. 

Wamm B « S^l in tlw e%uatloti C4«7) am ohtalxi 

- Kin ^ { Vii®> ♦ M®-*53 

<|MZ« (OA E| »« tlw Iwr axA upp«r bounOa ot th* fljwt 

the atose Is true beaausMi Cl'4'l)st plant is aotueillir the 

first hjiel plant* fh« prooess Is einxtliaiei till we obtain 

tm other wwin iteratimo Is oonlixatsd till lU 

the aTallable Mi plants are pit Into operation eni 'ile ien«iid 

B giireii hj th» oonetraint equation (4*2) Is setisflel* fhe 

■ejciaaaa nine of B is restrietsi Iqr folleering etnatlim i 

5 X 

B ^ C 2 ♦ X %> (4*12} 

iwi * iJel 

Xe oheervs here that at ewerx iteration of tiMs prooesn 
desorihe^y we hare to solre a slnislsation prohliffi with respeot 
to one Yariable X (maXmit) ohlj> iliioh oas he oarriei using « 
Sttitahle step i^jm* In the prowess we ilso obtain the oi^tissl 
plai^ genera tl^* lowsrer for the sate of oomrenieiiee Both 
tjrpes of ^ents^ l»e* thermal lo^ Igriel are ssnherei in seriid 


order because in tliis laethod we can debenaine not oialy th® 

Ml nj payai eost to produc® tls® demaxid D ‘but also optimal loading 
or generation of the iMividual jlaats, 

?he short range probleai cdf 24 hours duration has been 
considered and diTlded into interral of one hour each* fhe 
demand B at the gejjerating j^nt is assumed to be constant 
during each tourly interral and at the end of each interral , 
the demand Increases or decreases in ^lunps or it can remaiii tl]^ 
same as before. 2hat is to say when ozilj thermal plant I Is in 
operation, we hare 

a, < B < s, 

'Hmt B rerii s hetemen ^1 and in steps as shown below : 

St » ~1 ^ * —1 * ^ 

where x oan be argr intege? mwsh m 1,2,..,.oto. 

Further in the case of hydel plant we assign scam 
initial cost of water i.e. we assign some prioe to 'fee hagrange 
moltiplier Y j . How if a higher cost is attached to i.e. 
if we start with greater price of water, naturally less water is 
required to generate h^ at the i'^h hydd plant* Iftit this . m i s t 
satisfy tb® constraint as shcsm below : 

/ y^C^) » \ (4.t3) 

t 

Hience if the abore constrained equation is not satisfied, we h**® 
to r.fli th. T.au. of If^. Aa it 10 a abort range problaB. tha 

lerel of water (i « head of water) in the reserroir will remain 
oonstant and the effect of sTaporation or rainfall etc .will be 


nejrT^iHW e 



CJHAPfSS - T 


fb» «<ioii€3«l«) of tSaii! %d70<*th«xaail m^stm 

that wt wr« goijm ^ &%VKS3f Is prsdoadLiiasitl^ m thsrsal a||r«t«Gi sith : 

otie or tm %ioI plccits. !^bds is booauss o£ our baslo assua^tlfisi i 

1 

that tlii thanial plaats ar@ oparated as baso load plants and tha j 

r 

li;^al plants are oparatad as peak load plants* loarsvar In seSM ; 
tha niaber of l^al plaaits are mcxee than ona, theif oan always be 
oiMM.3HNi into a sloils stol^lant plant on the assnsptloii that | 

saitb ^ tti.|l3r#MwSitsti<m ars looatod at abmit tbs mam dlstanosl 

[ 

flreoi tiHi lost mw^sam* tMs assas tdiat tlw Inerwaantal traamlseloi 

f 

IcMBs is about tbs aaiMi. fbus after obtaining tba dosing solnticnsi 
l«e« tbe gemration so]»iiultsig of tlw otuiTilo&t bsrdro>plaatt wa 
ean assign tMs gsnsratiom p&mt produotion} to the S'arioiiat 
bpdro plants in propcnrUon to their oapeoitles. 

Boonoaio load aohsdullng using' dpnasLo promsndi^ lias 
heen deroloped Inltisllp’ for iSbxmm ’ybszjseil and ona aguiTslcsit 
bpdro^ant. In the initial stage of probl^^ foi»^ It 

has bsen mmmmmi that ths total donsod 1 at the plaiels ars kncam* [ 

1 

Haas after the deteraliiatiffia of the optiiaai eoat am Hbm 

I 

mrrm&pem&img generation soheinls of the differmt thexaal ani ! 
%d«l laants &t the apstesy the transslssion los^sas are ealeulatefti 

yii.ing loss ooeffioieat C^pendin 3)* mih. i3m help of Ilia I 

i 

foUostag e%itatisn» losd at difftree^ intemls is aaloiilatst. 

4 P,(S. h) - B (5.1) 


vv wkw% vadcni xwJL'SiiiiK auBtinl^iu wsmsk^% xw '@kif 
I ig«t9tt« a^tw «eii«l«'to ^ idsffM Mi«ra»l. liiiSEitA aiii mm 

flM» mmt mtmmtmieiM,m txf tfe» 4ittei«at tbtraal. 
filjagtii «ai dliNsSiaEriE* oiiar&oterlstliHi of tlui Ii^aala «b ft 

fmmMjm tto I^oibI mm kmmm^ ftasiift mtm ftjWMidl;^ 

mm^Jbmm ^wKftfttftxlatljfti af tim i^aat gaaftratliai as a^oiBa 

CCi) • ♦ ftfS **■ 


D^ZW 0C3) *• mmt fUBfttiSII 
S m faasjwticNft 


«Mii ftimtftRlft 

Hb iiMi iiSaaft Jiftiiaii imm mm&m i.jMww** iMMite &£ iSfti 
«^l»ftfttiirft li^aatft aafi tfttftl cat ««lBBr ta bft a^OdLawi 

ligr tlift ft^uiTftXiBiet %gr4ftl. pOUat la tlaai spftQtlfiwI latSMnral* t« 
WX% itliSO .H^Wtt ^feMU ^mmom& 4il> Muf pgMdwi 4wyf:*^ 


tamamrn IStm mmmsHm im al^lftA* 

ft) IBbmmml ilftoet 


»• 

Bo. 

lEkwor 


Ooftt <%ftrftO%u^tlo 

1 

90 

190 

0|«l00^«1^^.0ll^' 

t 

ce 

190 

%»lt0«4,rl%«0^4 

4ft mil- <S 

9 

$4> 

too 




%) i^NOL 

4 

ts 

IP 

1 

ft» 

1 

i 


iitOltjiit...... 

-«- ) Tens 
} of 

" } Rs ./hr , 


I 8,©00 Cu.ft 


I&m twt «lk»rt prolbtai of M hxmm aixrotlozi 

iMoli hm hmu o^oiidoi^ Isar*^ im itom Igr Hgwo I . Sko 

dowwAt A* «li@i» to tot fl4pBNi» xAwtoA 4m^toi oMoiit 

hmw^ totortol Aai to«m m% toe mA of too Sistowal« it 
immmmm m Afmmmmm to JiaiNi or mmtdm mmttmsA* 

fimm too jproISloB to to Seterstat toomoi gmmr&tltsam 
S| g amA S| aaS too tgpAoi i^noratloa li| tortoir totorml 
of ttJM aiioli toot too oost toootioa 

°* ■ A < 5 - 2 ^ 

jiiAf 

to wAMmmt flolijoot to toit oo&otrolmt 


msiA 



3^ •♦ sK W 


f 

/ T^Ch,} «« •> X| 


(S*5> 

(5<4| 


Bm jttttlaK S > 1 in tba •quatlcm ( 4 > 7 }, •• abtals *!■ 
f oCULsMUv fiiaatlfla tar tba tlrat tbmA 

>|(S} * Sa (Oy(X)) ( 5 , 5 ) 

s 

Bexo I to murtoi totoMt oEiii 1^ to Aiooroto otoP^' 
for «r«f7 «o Aotontog too oorrosjp^iAtof ooot F|CB)« loro 
ill our prot4«o «« lioro rarioi S to too otop of 5 »»»* 

wo olitoto 

»|C») « ci|W 

for ^ ^ ’1l| 





5 IJI wmtiMA tS» s^nm liatta la tli« lidf 

$ M.W. 

Jk^g^idM pittlai H • t iM C4*7K *• ©IrtiBiJt 

HHt ©ptiwal. wadt lasii eorr^i^iaSlsg; geowratt®® 

’t&mm lk«p®<dl I noi t «p® ®p«r®M®i# Mmm 

mm fthfte artli 

,(»). Wla t(^U)^»^(M)5 (5.7) 

Jln^k 

Mmm th» 4mmm& 1 1» “tarlefi b«t»s®B tli# UUtfltB 

t < » O Cf -t®) 

10 mm j|, «il 1^ «t« 1®ii «» «P tmm hrnmm m& «pp« 
vavpt^tlY^ fm' ism Iv® %kaxw& ptaiam Mm mm im aftroUm 

»t that la®t«eit* ftai t&t mmh. B« «• M aftlafa 

*«®t «®i mm (gmmtMm mMm&m mi hrnm Wm 

rnmmtl plmm !••• mmm,m mi tha tismt tk*f»0il. 

|i.«Hi iiMoh !• % mdt the gewration aeheiiile fir Hm mmmai 
thmmaH tlmi. Mmh im M* fm MM ^ Ik rmAmA 
rnimmmm. the alwifa ISJdt* l» »te|) of % S#t* ma& for oaek 
veOU® of the eert 19 eklewiehiii ms& mmmmetA wlMi Hm 
pvov^Mi msm m m tm ^tel® Hm mmt^ Bodirrer B-S 

mm oii# **917 hmtwmm M ISMm 

1| ^ (IMll 1L 

Ha® pfoemMi |9 re|ieet^ for 1 ^ 'v^iliieo of B glvwi hf 
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tpaant&% of’ to 'to littltoai tgr tMa 1^01 fl«tt 4upring tbio 

'Intarviii. 

f 

1,0. //^y|(ll|) dt • ¥| CS.It) 

o 
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ooot mA tlia oorroo^^tag gonKratieit ooiiaiiaa im ^ta^MI« 
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ooloM^ for all tlia ^raa ia SlolM optlMidy 

tatoaaa tlia tteoo tltazaal ilaato l|f ofoallooi ao tint 

tlia aatiro agnatoa any eporata itttli i^tteoi eoat« IMtlaUj a 
Tate of oaa oteMi m §«l te 4 yj ««mi titea at C)«0I# 



optijaw <50st to generate the deusand D and the 
oorreapondiag gjmeration aehedule is given in tabular 
form tm page 35* ^e tarau^mieslon losses baire atlso been 
salsiilated (ippendix B) for the given sjstem for the TcQLiiea 
of generation sehedule thus dtitained . is dcme bT* 

taking the asmned value of loss coeffleients (fable 1). 
Henee snbstraetii^ the TaLues of transraission losses 
tinus obtained} frcm the I^mani B, the actual load to be 
supplied from this sTtem is also tabulated on same page. 
fk»- fXm diigram end the ocsaputer pri^amme printout are 
in ippmiihi A. 


Some Ooeffioi«mt 


ojm$ 0.00005 

0.0002 

0.00005 

0.00001 

0.00018 

-0.00011 

- 

0»(K)05 

*o.ooots 



0.00025 




BBmgS 


S>lX£1i 


B 


GEHERATIOT SCHEDDI.B 

— Ksssnsst 




el 

mt 


11 




f!raz3s* 

Losses 

?- 


Lo^ 

Supplied 


m 


585.55 100 


2 

ISO 

605.80 

115 

60 

3 

220 

64T.30 

m 

70 

4 

tm 

761 *50 

1(0 

60 

5 

po 

^t.50 

125 

60 

$ 

560 

966.80 

140 

70 

f 

390 

1057.59 

150 

75 

i 

410 

1123.55 

150 

85 

# 

44# 


150 

■m 

.ft 

41f 


150' 

m 

II 

5^ 

1575.^ 

150 

tto 

l2 

550 

1698.95 

150 

135 

15 

565 

1785.95 

150 

150 

14 

540 

1645.95 

150 

It! 

15 

500 

1466.39 

150 

100 

1€ 

450 

12^.03 

150 

90 

It 

425 

1176.23 

150 

85 

18 

400 

1089.30 

IfO 

SO 

19 

5t5 

101 1 .50 

145 

75 

20 

340 

910.55 


6i 

21 

$D0 


HI 

60 

22 

ISfO 

61930' 

150 

m 

25 

200 

617.30 

125 

m 

'24 

im 

591 .2K5 

1(0 

m 


00 

15 

5 *68 

169.!^ 

00 

15 

7.40 

182 .60 

00 

15 

10,19 

209 .81 

too 

15 

17*25 

2® .77 

120 

15 

24.03 

295 ,97 

135 

15 

50.51 

329.49 

150 

15 

36.29 

353.71 

160 

15 

3944 


175 

25 

45.25 

396.77 

%m 

40 

47.(0 

427.^ 

200 

m 

10.16 

474.54 

200 

65 

92.23 

4fr.77 

200 

rfjK 

w 

55*49 

111 .51 

too 

m 

11.59 

4i84f 

2m 

50 

49.87 

45043 

180 

50 

44*34 

4^.^ 

170 

a© 

41.74 

383.26 

155 

15 

3734 

31^.16 

140 

15 

32.95 

342.05 

125 

15 

27.15 

312.1^ 

11© 

15 

2049 

279.51 

00 

15 

12.72 

237.28 

00 

15 

8.67 

191 .33. 

00 

15 

6.:^ 

173 .If 



Qmmuim 


X(i«4 iMyai84ta3JUqg cdt ttm iqrwtes 

taaontiallj Mocipi to tlw @«t^E®«gr &t protHtm )smm m waltt- 
SmttAm $mmm iMoli mm to ttt«ia.€d W 

Wm ^ ^ «o«o ^ MmmL^ Icaa 

«f tte ^wtoa« wo art rtqulro^ t® tolsa lOtio oo^iix^m 

iiMiiJii«iHi mtA ot mgr dooiodcai podUstf aowlHir &t 
oadJit Jiiit Utsi wultlHitofo doolslcm |«roooi«« 91m i«olid.im tlist 
«• «rw i^iiiTtd to taict In ttis oom iji tlio dooiidoa 
Hw foiMTOtim •obtduXt odT tlio roopootiwo fitt fiiipi . • 

oonrtttpnto to t)M na«t«r ^ i^Uatv ttat «£« Ib opozo'^xm ml Hit 
iooMmi. «t mr to ttn p^ffte oMoo oir ^ 

pmiKmtim mt @t mrnnrtH. ^loiooo of fti* 

wrfvot m taipyiill too dooUKimi at mor stopo Wm* xmpoyi.t Ijito wui 
mMHHpV jys wtm iPlMiNI ^plT IMI 'l||pipNlMi IHIKiPV m Bp HWVpH 
liMP li llW WI i ift » PdRnlBlI llfc W9^&IE^SMSI^ !#• ipiBiwi^^w 

mwmmIji wm oip pMAH wum mmxm4dF miMQpi Pm wmini 10 iii 
kawMiiim. ijM’ zmoisimt jn^ymlo* 

lawnMWit Umi utaio ^ tt« npitiM. «t «37 wto^ ^^^«tilli opuit tti 
fwwftiWi MMttf ipBirwIim iit UmA ^ 

iiiibiiip^ flMii Hm ip t«o« flMtii Pit IMii 'itenp &«i^ 'itt 

•ipi i««« iti dPMei m, m^'hm. «i%3i wm^% 'tsto 

MU' 'ittMii fmoHiP Mii. «^t ^smUm £m 

mm afptpi* PMMPim » of 

.pMmlliii ^ i i lp i lii-o '«t» it 

ti^ mmm fMtiiiOi t«»« mm tPot «iil fymUm immm if 



tiMfi g ajp® optiaidL* 

W9 nmm t© tliHi ©©>!aoilii«iim that 'laii ©eoziossi© 
l©ai Mditdiilijag of iSam lii|'dr«»«4htxiio^ mm. Is# forawCLatot 

onfl O'titdl.odl la o BOKO offootifTi vmy Hgf iiywuSM 

tMo prMoa ai«o Is© t}^ oatogoapiooi of l^robiOM 

tem Mi 13io iooloim proooao m tdiom «m5Smfm 

Wt tlm aymtmi msly tkmimil pSjsmlm- Hsjm 

iiittjwiti OMit to mi^0j dost dMuai imI tiio imiroopoziSiQg 
foaarotioii wMliilo mm mmilj l»« dotMnctJMd ligr ^ dfMtio 
|««gra»ilaK ovmi tt» wmiibmr of tboraal mm vaxy I«rf» 

M^Joot to t3m rootrlotiooi Iqr ttio M*Will|fi 

Wmmmm if vm iifOtia mmiaAm Itpi^ i3*«ot» m Warn Wm 
ttoeoiti ^K|«HBi.o pmemmaim ifmmmm’ Mf!ftiiHl.t m 
Umi jRnMiBi lioooMio djiwBlo im rnttwcm 4m to rootetotiiSMl' 
MgpMiyUSIg Vl^Mf ty tlW* ll|^i03. 

(^pooifloi tiitomS..* Wmmmet Wm 4|pMi^« 

pwigriMBiiJig mm iNfMMaovoxopoi wmm Ernst m msfmsmsm imuifi Hi 
|PPiilioiiiMMl9ll|r tlifMMMl. i| f 'g% w i vliSsi qqiQ mst tBO otkilHiMi* 

in mkmm Wm wsUKBmw piiiiirai MM IMPI IMII# Imtigt wHi 

iiiMQrg hm wpljiooi %- Mi IgfflOl, ^loeilt ililili JNm 

IHi tO^iiL m i M i aiMM M '' itrfffM#|' to Wtm StSSm off tHi *tW i i i i* M Mr Ji# <^I0 10ltiRiltOt,tliA 

|ftiimi« Jto • mmtmit m fast lio HPim of wemBt iMioi 
^ m%m ta 'tHi of mmpmtXm l|Ff it 

tMMipMiii' to ito mmsegy itloll' ilo $tMat it «C 

pioioiHii* Ml t»" oot, plir' Hnftto M MMt #oiilo to ftesi m 

itaii it IM* itiMtii' tfo oitootoa mwm* 


iwai tmm tiHi mA Wmm 

mmm tmmmAmaLm Immm* Tbmmimm m f^rtlisr 

&• pf«##fal tf it !• »»t PMmIMji r»pi£ie« 

■U tito fNI ItMl 

lOT ir9apyi»#«lfin X^Wr MSm SHWIA pcjmx is W Wm IMIHMliffiVWi 

i^^t«l<|r« 

Ibet mgm ^hMamal jaldl«Mi w» tlBM » ttK^SUMfd ttift twwKiMMWii ' Wtflliiflf l 

iMMM i8ititUl|r «• it id iidl pemAMw tci mQwm tltedt %mmm 
« a wH y i» iti ttgin^Jii at Umi lia«l iaaildg iMIali 
Hmw iitaattB 4»fimi mm mt kmm im Wm ttglaa^i* IStm Am 
mm A^mm MmA mm Wmm mmmmi tmmmimim Irntm^ Wm 
mmm m Mm mm§ m mMrnmAm mmrnm Am mm mrnmh- 
Mm mmam mm m mmmm mmmamm mat Itm mmrnmmrnm 
mmmmtiam mmoMM i«a« iatlidi maim timmtM pm^mmaimw 
tm mm mMmMmt* 9m gmmarnmm mAmMm Wm- mmAm§ tmt 
mm wmmt tm mam Uamm agma 9m m smmmMm <t 


BWMlt^lftifMI ttl' ttaMi 


m 
mat iJf 


mm IjiBIMI Bitil 




Mm rntmat and hanaa Mm mMmA 000% 


mM Mm ommommrnm M Mrn rnmm mmiMa* MmmmMmrnmm 
^1. tiia mmm rnaamMm to mMoimi 

m mm i%m n ^m' m warn at mmMmm AirnmMm&remmfif 

Wmmm mm MiHMW m w* mmmamu m mmmmDm 





(Including Computer Printout) 


IdNi Muni^Mi wi i BR ijytiiiftii pts^sttts&Mifiii^ 4s sl'^css 

Ihkbs* Hi# 4^@1X4m!LI)|||I <y>rtwflUi sre tiiMnft 4ii 4liit IStss d48|PMB« 


m an iSilitlil ' l i M ai ii i ii w gxf «a.aMBtf 3 ii tm tjutt mwM±tm 
'pi Ml IfttiiiiiMtii fff j{| 0 || 4 p|p Jjjji lllpl pfViNMI 

H ..i» Hiipiif idf mmifMmBSm is oi»«V<ftlssiiszpt 

.ys&Mfllli; ''|d||||||^^«^^> 

hHT 1 B#P JjjPBMBWI 

# #4ii ii^ H# ftii liwcwiil ii^Uait ta His 

SCM'tl fVyi«% t.Si l 

w 9Wk ssslllslsfli sC IP# HP lp#i 3 L y^iw# in IP# 

loB fS MRIkMI’dttMik. #i#.j<iaBlr'iJV jtSkLJiU#. 


Htt « Iiior«#»B!l# is I 

ISfl) • %mm» Issnl «$ IP* #tP jUmiP 

IIB(^) m WpptT lieoal Wm fHH flisst 

TCJ') # pMaU-^ *r #*i«r Hi I# uHliiiwt «t 

IfM itaKl Iji liui 9§M£iM lip«rfii. 

'M m Wmimit ^ liftsi |l*tP » f 

HH m WmmM m ia#i -fHiaHi awtag H# ttMilfisi ial*rfi& 

a# Pt liaia— t 

PPFPU*^ IPHPI^iPlW 


■Jf-***#*#* *********♦#*****■!<■#**■«•**■)(• ■)«■■*•***********#*■«■*****#**•* 


SWATFOR EEF048 L P SINGH 

5IBFTC ELSDP •it'X'***#****''*'*’*'*’*"**’******'**'^*****'^***'*^**'*"**'** 

: ECONOMIC LOAD SCHEDULING OF HYDRO THERMAL PLANT 

C USING DYNAMIC PROGRAMMING, 

r 

REAL LB(50) 

DIMENSION OPCOST{ 100) ,OPC(100) »UB ( 50 ) .C ( 5 »20 ) » DUMMY ( 2 ,100 > , Y ( 10 
1 I DM (25) 

COMMON W,NC,X,C 
READ{5,100)NK,NS,NC 

C NK = MIJMBER OF PLANTS,NC=N0,0F COEfriCTENTS IN THE COST 

C ’ FUNCTION OF THE PLANTS 

c NS* number of thermal plants 
c 

Dul 1=1, NK 

1 READ(5,101>{C(J,I),J=1,NC) 

C C(J,I) IS THE JTH coefficient OF THE 

c ith plant 

READ(5,102) Dm2 

c dmz=increment of z and d 

READ! 5,103) (LB(J) ,UB(J) ,J=1,NK) 

C LB(J) and UB(J) are the lower and upper bounds 
C OF THE JTH PLANT 

nh=nk-ns 

PE AD( 5,104 ) (Y<J) ,J=1,NH) 

C Y(J) = total quantity of water TO BE utilysed 

C AT THE J TH HyDEL PLANT 

READ{5,105) ( IDM( J) ,J*1,24) 

C IDM is THE LOAD DEMAND DURING 24 HOURS 

C 

c 

C calculation of FI (0) 

0=LB{ 1 ) 

WRlTB(6,2n5) 

WRITE(7,205) 

WRlTE(6,2nn) 

WRITE(7,20n) 

WRI.TE(6,2n5) 

WRITE(7,2n5) 

1 = 1 

2 OPCOSTd J»C0ST(D,1) 

WRITE! 6,201) I ,D,0PC0ST( I ) 

WRITE(7,201)I,D,0PC0ST( I) 

WRITF(6,2n5 ) 



n n n n n 


WRITF(7»205 ) 

DUMMY (2, I) = D 
1 = 1 + 1 
D=D+DMZ 

)G0 to 2 

********* J(-***************»-»-5(- -S.**********^ 

calculation of F2tD), F3(D)o.o»o 

DOS 1=2, NK 
WkTTE(6,205) 

WRITE! 7,205) 

WRITE (6, 202) I 
WRITF(7»202) I 
WRITE(6,205 ) 

WRITE (7, 205) 

WRITE{6,2n4) 

WRITE{7,204) 

'•'RITF(6,2 05 ) 

WP I TEC 7, 2^5) 

LL=T-1 
ZMl=no 
7.M2 = no 

UPPER AND LOWER BOUNDS OF D AND Z 
D04J=1,LL 
ZM1=ZM1+LB( J) 

4 2M2=7M2+UB( J) 

DmIN=Zm1+LB( I ) 

DMAX=ZM2+U8( I ) 

********************************************* 
GAMMA=lo 

C GAMMA IS THE WATER VALUE (PRICE oF WATER) 

IF ( I oLFoNS) GO TO 2n 
IR=I-NS 

C CHOOSING THE PROPER VALUE OF GAMMA 

GAMMA=0.09 

21 GAM^1A=GAMMA+0o01 
2o SUM=Oe 
D=DMIN 
K=1 

5 ZMIN=D-2M2 
7MAX=D-ZM1 

IF (ZMINoLToLBC I ) )ZMIN=LB( I ) 

IF ( ZMAXoGToUBC I ) )ZMAX=UB( I ) 


Z = 7MIN 



n n rv 


DD=D-Z 
N = n 

6 N = M+1 

IFtDDoNEoDUMMY(2.N) ) 60 TO 6 
OX 1=GAMMA*C0ST ( Z » n+OPCOST ( N ) 

C 

OPZ = Z 
7 DD=D-Z 
N=n 

8 N=N+1 

IF (DDoNEoDUMMY (2,N) ) 60 TO 8 
VN = N 

DX2=GAMMA*C0ST(Z,T )+OPCOST<N) 

TF( 0X2 oLTc OXl ) OPZ = Z 
IF{0X2 oLT<,OXl)OXl*OX2 

z=z+nMz 

IF ( ZoLF.ZMAX ) GO TO 7 

calculation of discharge OF HYOAL PLANTIN THE 
SPECIFIED INTERVAL 

SUM=SUM+CoST(OPZ, I ) 

0PC(K)=0X1 

WFITE(6»2n3)K,D,0PZ*0Xl 
WRTTE{7,2o3)K,D,OPZ»0X1 
DU'iMY <1»K) = D 
IF( I oLToNK)G0T051 
D=inM{K) 

G0T052 

51 L>*0+nMZ 

52 K=K+1 

IF (D.LEoOMAX) GO TO 5 
TFiToLF.NS) GO TO 22 
WRITE(6»205) 

WRTTF(7»2n5) 

WRITE(6,5o6)IR 
WRTTE{7,5n6) IR 
WRTTE{6,5n7)GAMMA 
WRITE(7»507)GAMMA 
WRITE{6,5n4) IR 
WRITE(7,5n4) IR 
WRITP(6,505)SUM 
WRITE(7,5n5)SUM 
WRITF(6,205) 

HRITFI 7,2n5) 
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IF { S’JH»GToY( IR ) ) GO TO 21 
22 = 

X = 1 ,KG 

OPGOSTI IX)=OPC( IX) 
DUMMY(2fIX) » DUMMY (1, IX) 
? rOWTTNUP 

ion FrRMAT(3T4) 

101 F0RMAT(5F8,2) 
ln2 F0o^'AT(F6«2 ) 

103 FnPMAT{2F8o2) 

104 FOrMAT(2F8„2) 

105 FORMAT(2ni4) 


20C FnPMAT( 2 X# 0 PTIMUM COST FOR PLANT nNE#/2X*T DEMAND OPoCOST*) 
2nl FORMAT! I4,2F8,2 ) 

202 FnRMATf2X*0PTIMUM COST F0R4I4,* PLANTS*) 

204 FORMAT C 2X*I*»10X *#DEMAND** lOX, *2* ♦! OX, *OPc COST*) 

2o3 FORMAT! I3*3«4X,F12. 6) ) 

205 FORHAT(lX,ldO! 1H-) ) 

5C5 format ( 2X »*VALUE OF GAMMA*, 14, *HYDEL PLANT*) 

507 F0RMAT!2X,F12o4) 

504 F0RMAT!2X,*QUANTITY OF WATER UTILIZED BY* , 1 4 ♦*HYDEL PLANT*) 

505 format !2X ,F12, 2 ) 

STOP 

******•!«■ '<• ■’■***** 

SIBFTC roST 

FUNCTION COST (D,K) 

DIMENSION C(5,2n) 

COMMON W»NC,X,C 

C C!j,I)aTHE JTH COEFFICIENT OF THE ITH PLANT 

C NC = THE NOo OF COEFFICIENTS IN A PI.ANT COST FUNCTION 

CoST=C(NC,K) 

NT=NC-1 
DOl 1=1, NT 
J=NC-I 

1 COST = COST*D 4- C{J,K) 

RETURN 

end **;<.************#************«-***** 

$FF TRY 

4 3 3 

lor^no ,io ®oi 



12n,Ar 

l5n«no 

14 n, AO 
5, AO 
5 A„on 

6ne aa 

5n oPi< 

l 5 „or 

IBoPPenn 

180 100 2'^0 220 250 280 300 320 340 360 375 390 400 410 425 440 
540 550 5a5 450 475 500 525 

OPTIMUM COST FOR PLANT ONE 


I 

DEMAND 

OP, COST 

1 

50.00 

130«n0 

2 

55., 00 

135.75 

3 

60 . 00 -, 

142, AO 

4 

65 cOO 

148,75 

5 

7o„nn 

156oOP 

6 

75«nA 

163,75 

7 

SPbOp 

172,00 

8 

85 o OP 

1Bo,75 

9 

9n»no 

19o,on 

lA 

95 9 On 

199,75 

11 

loo*. 00 

210,00 

12 

lOSoCO 

220.75 

13 

11090n 

232,00 

14 

115,00 

243,75 

15 

1 2 0 9 Oo 

256,00 


, lo 

«o2 

9 20 

,01 

20,00 

.06 

15 A. 00 


150,00 


2Ao,on 


65.00 




16 125oOn 268o75 

17 13n„r)n 282 = 00 

18 135<.Of» 295,75 

19 140q00 310,00 

20 145,00 324,75 

21 15 Oo on 340,00 

****■)«•** ^f'***^*-************** 


OPTIMUM COST FOR 2 PLANTS 


I 

DEMAND 


OPoCOST 

1 

lln,oo000o 

6o,nooooo 

327,999996 

2 

1 15,000000 

6o,nooooo 

333,749996 

3 

120,000000 

60,000000 

339.999996 

4 

125.000000 

6o,o0oofyo 

346,749996 

5 

130, 000000 

60.000000 

353,999996 

6 

135,000000 

6O,OO0000 

361.749996 

t 

I40o*^noooo 

60.000000 

369.999996 

8 

145,000000 

60,000000 

378.749996 

9 

150,000000 

60,000000 

387,999996 

10 

155,000000 

60,000000 

397,749996 

11 

160.000000 

60,000000 

407.999996 

12 » 

165,000000 

6o,oonooo 

418,749996 

13 

l7O,000O0O 

60,000000 

429,999996 

14 

175.000000 

60.000000 

441,749996 

15 

18o,onoooo 

60.000000 

453,999992 

16 

185,000000 

60.000000 

466,749992 

17 

190.000000 

65.000000 

479.74P992 

18 

195*000000 

65.000000 

492,999992 

19 

200.f'00000 

65.000000 

506,749992 

2o 

2o5,OOono^ 

70,0^0000 

520,749992 

21 

210.000000 

7n.oooooo 

534,999992 

22 

215,000000 

70.000000 

549,749992 

23 

22 o.ooooon 

75.000000 

564,749992 

24 

225.000000 

75,000000 

579,999992 

25 

230.000000 

80,000000 

595.999992 

26 

235,000000 

85.000000 

612.999992 


240,000000 

90,000000 

630,999992 



28 

24501^00000 

95.000000 

649.999992 

29 

250.000000 

100.000000 

669,999992 

30 

255.000000 

105.000000 

690.999992 

31 

260.000000 

110.000000 

712,999992 

32 

265.000000 

115.000000 

735.999992 

33 

270.000000 

120,000000 

759.999992 

34 

275.000000 

125.000000 

784.999992 

35 

280.000000 

13O.O0OOO0 

81n, 999992 

36 

285.000000 

135.000000 

837.999992 

37 

290. 000000 

140.000000 

865.999984 

38 

295.000000 

145.000000 

894.999984 

39 30n«000n00 ISO.OOOOOO 924.999984 

****4;.********4<-#**#**#-X’**'(t'***4t'****#**'«-#******4*** ****** 

OPTIMUM COST FOR 

3 PLANTS 


— — — 

-« ™ ^ _ 



I 

demand 

Z 

OP. COST 


__ _ — — ^ — 



1 

160,000000 

50.000000 

512.999992 

2 

165.000000 

50.000000 

518.749992 

3 

17O.O00000 

50.000000 

524.999992 

4 

175.000000 

55.000000 

531.249992 

5 

180.000000 

55.000000 

537*999992 

6 

185.000000 

60.000000 

544.74'9'99'2' 

7 

I9n.nooo00 

6n.9nftnnn 

551.999992 

8 

195.000000 

65.0COOOO 

559.249992 

9 

200,0nno0'> 

65.000000 

566.999992 

10 

205.000000 

70.00O000 

574.749992 

11 

210.00000C 

70.000000 

582.999992 

12 

215.000000 

75,n00000 

591.249992- 

13 

22n, 900000 

75,000000 

599.999992 

14 

225.000000 

80.000000 

608.749992 

15 

230.000000 

80.000000 

617.999992 

16 

235iOOO0On 

85.000000 

627.249992 

17 

240.000000 

85.000000 

636.999992 

18 

245.000000 

90.000000 

646.749992 

19 

25o.oonooo 

90.000000 

656.999992 

20 

255.000000 

95,000000 

667,249992 

21 

^ 260.000000 

95.000000 

677,999992 

22 

265.000000 

100.000000 

688.749992 

23 

270. 000000 

lOO.OOOOOQ 

699.999992 

24 

275.000000 

105.000000 

7-11.249992 

25 

280.000000. 

105.000000 

722.999992 

26 

285.000000 

llo. 000000 

734.T49992 

27 

290.000000 

iio.ooooOo 

746,999964 

28 

295.000000 

iis.dooooo 

759.249984' 



29 

300.000000 

115.000000 

771.999984 

3o 

305.000000 

120.000000 

784.749984 

31 

310.000000 

120.000000 

797.749984 

32 

315.000000 

120,000000 

810.999984 

33 

320.000000 

125,000000 

824,249984 

34 

325,000000 

125.000000 

837,999984 

35 

33no00O000 

130.000000 

851.749984 

36 

335.000000 

130.000000 

865.749984 

37 

340.000000 

130.000000 

879.999984 

38 

345.^00000 

135,000000 

894,249984 

39 

35n,000000 

135.000000 

908.999984 

4n 

355 .onoonn 

140.000000 

923,749984 

41 

36'’^. 000000 

140,000000 

938.749984 

42 

365.000000 

140.000000 

953.999984 

43 

370.000000 

145.000000 

969.249984 

44 

375„ooAoon 

ISo.nOOOOO 

984,999984 

45 

380,000000 

ISo.nooOOO 

1000.999984 

46 

385.onn00o 

155.000000 

1017,249984 

47 

3Q0. 000000 

160,000000 

1033,999984 

48 

395.000000 

160.000000 

1050,999984 

49 

400.000000 

165,000000 

1068,249984 

5n 

405,000000 

170.000000 

1085.999984 

51 

410.000000 

170.000000 

1103.999984 

5? 

415.'^0onon 

175.000000 

2122.249984 

53 

42O.P0000O 

180,000000 

1140.999984 

54 

475,000000 

180.000000 

1159.999984 

55 

430.000000 

185.000000 

1179.249984 

56 

435.000000 

190.000000 

1198.999984 

57 

440.000000 

190.000000 

1218.999984 

58 

445.000000 

195.000000 

1239.249984 

59 

450.000000 

200.000000 

1259,999984 

60 

455,000000 

200.000000 

1280.999984 

61 

460.000000 

200*000000 

1302,999984 

62 

465.000000 

200.000000 

1325.999984 

63 

470,oO000O 

200.000000 

1349.999984 

64 

475.000000 

200.000000 

1374.999984 

65 

rinonAn 

200.000000 

1400.999984 

66 

485.O0O00C 

200.000000 

1427.999984 

67 

490.000000 

200.000000 

1455.999968 

68 

495.000000 

200.000000 

1484.999968 

69 500.000000 200.000000 1514,999968 

****#****4*4'##*^m'#*********** ***************'*****'*•***** 

optimum GOST FOR 

4 PLANTS 


I 

demand 

- Z 

OP. COST 


„ ________ 

, ^ ^ ^ rn-m mm mm mm 




1 

175o^00000 

15.000000 

558.349984 

2 

leoooonooo 

15.000000 

564.099984 

3 

190.000000 

15,000000 

576.599984 

4 

200.000000 

15.000000 

590.099984 

5 

220.000000 

15.000000 

620.099984 

6 

250.000000 

15.000000 

672.599984 

7 

280.000000 

15.000000 

734.099984 

8 

300.000000 

25.000000 

778.999984 

9 

320.000000 

35.000000 

826,099984 

lo 

340.000000 

45,000000 

875.399976 

1 1 

36o.'^COO00 

50.000000 

926.749976 

12 

375.nonono 

55 . OOOOOQ 

966.399976 

13 

390.^00000 

60,000000 

1007.349968 

14 

40O.O00000 

65.000000 

1035.099968 

15 

^lOcOOOOOO 

65.000000 

1063,599968 

16 

425.000000 

65.000000 

3 ] 08.099968 

17 

44o„0'^0O00 

65,000000 

1154,349968 

18 

450.000000 

65,000000 

1186.599968 

19 

oOOOOOO 

65.0O0000 

1273.349968 

2 a 

sno.oooooo 

65.000(700 

1368.349968 

2 1 

525.000000 

65,000000 

1472.349968 

22 

540.000000 

65.000000 

1544o3!49fi68:' 

23 

550.000000 

65,000000 

1597.349968 


24 SeSoOOOnOO 65o00r(000 16846349952 

VALUE OF gamma IHYDEL PLANT 

— o«lnnn 


OUANTITY OF WATER 
28823.00 

UTILIZED BY IHYDEL 

PLANT 

— 

' * * * 


M Itmm ww, mm mm mm mm 

1 

175.000000 

15,000000 

562.884984 

2 

ISo.OOOOOO 

15.000000 

568.634984 

3 

190.000000 

15,000000 

581.134984 

4 

200.000000 

15.000000 

594,634984 

5 

22(1.000000 

15.000000 

624,634984 

6 

25o. 000000 

15.000000 

677.134984 

7 

280,000000 

15.000000 

738.634984 

i 

300.O0000O 

15.000000 

784.634984 

9 

32a,nnonoo 

25,000000 

833.774976 

10 

340,000000 

30.000000 

885.089976 

11 

360.000000 

40.000000 

938,209976 

12 

375.000000 

45.000000 

979.514976 

13 

39O.O0O0OO 

50.000000 

1021.899976 

14 

400.000000 

55.000000 

1050.614968 



15 

410,000000 

55.000000 

1080.114960 

16 

425,000000 

65.000000 

1125,034960 

17 

440,000000 

65.00n000 

1171,284960 

18 

450,000000 

65.000000 

1203,534960 

19 

. 475,n00000 

65.000000 

1290,284960 

20 

500,000000 

65,000000 

1385.284960 

21 

525,000000 

65,0^0000 

1489.284960 

22 

540,000000 

65,000000 

1561,284960 

23 

550. 000000 

65.000000 

1614,284960 

24 

565.000000 

65.000000 

1701,284944 


value of gamma IHYDEL PLANT 

0 . IIOR 

oUAmTITY of water utilized by IHYDEl 

, plant 

?6671 ^ 5^ 

1 

l75.0O0nnn 

is.no'^ooo 

567,419984 

•y 

180,0'^cnoo 

15,000000 

573,169984 

3 

lOA.oonnoo 

• is.ooonno 

585.669984 

4 

Z'^Oo'^OO'^OO 

15.000000 

599.169984 

5 

220,000000 

15.000000 

629.169984 

6 

250,000000 

ISoOOOOOO 

681.669984 

7 

280,00000n 

'^5.000000 

743.169984 

8 

300,000000 

15.000000 

789,169984 

9 

320,000000 

15.000000 

839,169976 

10 

340on0''O00 

20.000000 

891,929976 

11 

360,000000 

30o00nooo 

947.029968 

12 

:75„oooooo 

So.oonooo 

989.529968 

13 

39o«oocono 

40.000000 

1033.319976 

14 

4on,ooon00 

40.000000 

1063.069976 

15 

410.000000 

45.000000 

1093.374968 

16 

425,000000 

50,000000 

1139,799968 

17 

440,000000 

60.0000<^0 

1187.719968 

18 

45o,oonnoo 

65.000000 

1220,469968 

19 

475,^00000 

65,000000 

1307.219968 

20 

500,000000 

65,000000 

1402.219968 

21 

525,000000 

65.000000 

1506.219968 

22 

540o0non'^o 

65.0^0000 

1578.219968 

23 

560, *^00000 

65.000000 

1631,219968 


14 565,000000 65,000000 1718,219952 

**************** 

VALUE OF GAMMA IHYDEL PLANT 

O.120n 

OUANTITY OF WATER UTILIZED BY IHYDEl PLANT 
24167,50 

#*****«•***#****«•*****»***■«■********** 



1 

175,000000 

15.000000 

571.954984 

2 

ISn.noooOO 

IS.nOonoO 

577,704984 

3 

190.000000 

15.000000 

590.204984 

4 

200*000000 

15.000000 

603.704984 

5 

220.000000 

15.000000 

633,704984 

6 

250.000000 

IS.oonnoo 

686.204984 

7 

280.000000 

15.000000 

747.704984 

8 

300.^00000 

IS.OOOO'^O 

793.704984 

c 

320.00000A 

15.000000 

843.704976 

10 

340.000000 

15.000000 

• 896.954976 

11 

360.000000 

15,000000 

953.204976 

12 

375.000000 

20.000000 

997,069976 

13 

390.000000 

3o,ooaaaa 

1041,969968 

14 

400.oonooo 

30,000000 

1072.469968 

15 

4io„oonooo 

35.000000 

1103.754960 

16 

425.000000 

40.000000 

1151,929968 

17 

440.000000 

50.000000 

1201,699968 

18 

450.000000 

55.000000 

1235.794960 

19 

475.000000 

65,aOOOOO 

1324,154960 

20 

SOo.nooOOO 

65,000000 

1419.154960 

21 

525.O0O000 

65*000000 

1523,154960 

22 

540.000000 

65.600000 

1595,154960 

23 

550.000000 

65,000000 

1648,154960 

24 

565.000000 

65.000000 

1735,154944 

*^(•#■^(■•5^•»#4e•♦*^^■■^(•^H(•********■^(■^{■*****^f##****^t.********^f***^^**•)f•****#■^f 

VALUE OF gamma IHYDEL PLANT 

Oo 13no 


OUANTITY OF WATER 
21962,5a 

utilized BY tHYDEt PLANT 


1 

175.000000 

IS.OAO'^OO 

576,489984 

2 

ISo.OOOOOO 

15.000000 

582,239984 

3 

190.000000 

15,000000 

594.739984 

4 

20O.00000O 

15.000000 

608,239984 

5 

220.000000 

15,000000 

638,239984 

6 

250.000000 

15.000000 

690,739984 

7 

280,000000 

15.000000 

752,239984 

8 

300,000000 

15.000000 

798,239984 

9 

32n.OOOnO0 

15.000000 

848,239976 

10 

340.000000 

15.000000 

901,489976 

11 

36O.nO0OOO 

15.000000 

957,739976 

12 

375.000000 

15,000000 

1002,239976 

13 

390,000000 

2o*ooonoo 

l048c2A9976 

14 

400.000000 

25,000000 

1079,849968 



15 

16 

17 

18 

19 

20 
21 
22 

23 

24 


4ln„noonoo 

^25oCOonno 

44n,^onnno 

450*^00000 

475.000000 
500*000000 
525*000000 

540.000000 
55o*'^OOOOn 

565.000000 


25.000000 

35.000000 

40.000000 

45.000000 

55.000000 
SS.oonnoo 

65.000000 
65.000000 
65.000000 


1112.099968 

1161.889968 

1213,289968 

1248.609968 

1340,009968 

1436.089952 

1540.089952 

1612.089952 

1665.089952 


***** if ****»■»#*#*#**#*»*** 


65,000000 1752,089936 

***************************1 




VAl un OF GAMMA IHYDEL PLANT 
0,140^ 

quantity of water utilized by ihydei. plant 

20361 , no 

************ ******* ****.*.*** 


1 

1 75,on0000 

15,000000 

581,024984 

2 

IS 0, <^0000 A 

IS.nooAoo 

586.774984 

3 

l9A,r‘nonoo 

IS.OOOAOO 

599,274984 

4 

200,000000 

15.000000 

612,774984 

5 

22o.n0OOO0 

15,000000 

642,774984 

6 

25a,00000O 

15,000000 

69S • 27-|tti4 

7 

26A,nnoooo 

15,onooo0 

756.774914 

8 

300,000000 

IS.noomoO 

802.774984 

9 

32n,nooooo 

IS.nonnon 

852,774976 

lo 

34o„nnnnoo 

15.000000 

906.024976 

11 

36n,O0000O 

15.000000 

962,274976 

12 

375,nonoOO 

15.000000 

1006,774976 

13 

190,000000 

15,000000 

1053,024976 

14 

400,000000 

15,000000 

1085.274976 

15 

410,000000 

20,000000 

1118,599968 

1 6 

425.000000 

25.000000 

1169,874960 

17 

440,000000 

35.000000 

1223.024976 

18 

45n,onnoOO 

35.00OA00 

1259,274976 

19 

475,000000 

45,000000 

1353.474960 

2o 

500,000000 

6n,oonnoo 

1452.399968 

21 

525,000000 

65,000000 

1557,024976 

22 

540, Aonono 

65,oOnAno 

1629,024976 

23 

55o»oonooo 

65.000000 

1682,024076 

24 

565.000000 

65.oOnnoO 

1769,024960 


********♦*******************************■:«■************* 
value of gamma ihydel plant 

n., 15no 

quantity of water utilized by ihydel plant 

18909, QA 

********************************** 0 * ****** :•*********** 



1 

175 «'"Onocn 

15,000000 

585,559984 

2 

IflOo-'OOOOn 

15,000000 

501.309984 

3 

I9n eOrtooon 

15,nnnnon 

603,809984 

4 

200,000000 

15,000000 

617.309984 

5 

220,000000 

15.000000 

647,309984 

6 

25AaO0O0O0 

15.000000 

699,809984 

7 

?.ao , *^00000 

15,O0noo0 

761,309984 

3 

30o,oonooo 

IS.oOnnoO 

807,309984 

9 

320,^00000 

15,000000 

857.309976 

10 

340."0on00 

15,000000 

910,559976 

11 

36O.0C0000 

15, 001^000 

966,809976 

12 

375,00'^000 

15.000000 

1011,309976 

13 

390,000000 

15.000000 

1057.559976 

14 

ACO.'^OOOOO 

15,000000 

1089,809968 

15 

41O.000000 

15,000000 

1123,559968 

16 

425,000000 

20.000000 

1176,239968 

17 

440,000000 

25,000000 

1230,649968 

18 

450,OOOOOC 

30,000000 

1268,039968 

19 

475.000000 

40.00nr AQ 

1364.759968 

2o 

5on,«OAooo 

50,000000 

1466,399968 

21 

525.000000 

65,000000 

1573,959968 

22 

540,000000 

65.onooo0 

1645.959968 

23 

55o,ono0Oo 

65.000000 

1698,959968 

24 

565,000000 

65.000000 

1785,959952 


if *#**3«-»**<«' •»#■»■#*■«■*****#*■»• ■Sf***********^***'^'^***'** 

V \L.UE nF GAMMA IHYDFL PLANT 

Oo 16 '^f^ 

qu/ntity of water utilized by IHYDEl plant 

17938,00 
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